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XMTIOC: When gavrinnt or other drawiW, qeci-
fioations or other data an used for any p.rpose
other than in connection with a definitel related
govellnt pivaurismet operation, tba U. S.

xt thereby Incs no respoibiliy, nor may

imnt may have fomanated, furniied, or in wy
supplied the d aid dravingsecifiations or otber
data is not to be reired by Implication or other-
vise an in any s er liceusing the hilar or any
other person or corporation, or conveyn any rightu
or pertimuion to manufacturwe uee or sell any
patented invention that W in any way be related

thereto..
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Ba~cIlerloloiivl e ti'intlm tit determitne tloi'ihe~ 'n ex ifilmt vut( o moltiintimi its iviivilcolly
iirakrd electronic cumponntiha art, demi-rihud. Sholf-mu~ck Oveirmit iii iiiIotiiifltn-t wcer
vxamined an well sam thuo considereitid typical if( belnif inctudw'd iii thei ch-i'runiv myntrat'is
tit tiparivciaft. Of the 1810 ennr'onent,, .'mroined, 11 wrre cinan1ai *1,lawr and
ntylar-tygii, caplacitors were fovind move likely to tx' vonniminnuod duioiw Wfnrlcimion,
than other tytiem tif iipacltora% esarnln,'d.

A pi-actiral approach for lihe d'ctopiment ofi prowtdurvit for the Kivloixitntin tit
electronic romptinentio fit rmet

Biologic deconlatitrnlno on of spanco vehicles tfion, mid i lornitnal mtorillsottlon, The time of
atnd probos to) Preventt etontorninatlot of volevs- hiwot, rildlittt ou,', 11114 01horn1irlsp wits recoin.
thai b1041101 wits recomendiune In 1191"8 by niuntled for tortolinil sterlizuation, PhilliPs a nd
CEF.7 X.1 Him-' thut time. u nulutter of pu r 11otfimnn ( 1) nild Wynne (4) iireuentedti dotut
hime been putblished in which th ati'nthoirs e'x- to show lihot hm-nitfici'auly saeidei kinilm or corn-
jiruvili~ hi gruid dutnil 11hV fuiilli rutif~l- lxmanen:W which arve tho Arnotlle.1 unitn- nf --pfarr-
1i111 rlogivetcraft ls~fork. it u h iar kihancititry cra~ft, are contittiatlntel with irrelo4rgimnIsrni
ion ding lit mmie (2-1). L~edrown, imnd durin rmliAica~tion.
(owle (2) believed tlint Contiatifnallon fir if
icetnsiinl Igifv with i'nirth inlert'orgatnismsi would1 Lajter, Nowityiy 17) t'u'potted l nt 0gas)
jeoparulipe studios on the possible existimtwu of friiusferi systemI (lesilgllie for' the sol-focve
ext rotermotrini ilfu. Moreover. ats reliortoil by stpriliz~o Iin of t hi' nom, etine utimi slincec,*o r
!)ovlaA aund ('oniunlizi (3). hlitonit' iontnior- Practt ical methods fill steriliz.ing etocItronic
notion miui distoprt the findinits of fittpintIlgs of comnionmnts, hiowver, hove not been reported.
prelife organic sulixtolces Oil it cevuthil bodly
even if fig living formsp sur'e found. Il'once, the. purpust' oif thisi report in tio pti.

sen t t he tei o lols utset I in I hl butt I0eritulogi r
A It ougth t he prn oble or tiolog Ic contii mi vuniimm it Iot ii f hormt' t al 'uIly s ro 'il 'let' i oo Ic

nattionit i of grouet interest to ninny biologists. Conipo'nvits with t he liossittlilit y of II-Vlopht~util
only ai few reseorchorA have replortedl til studqies methodsm for vxtlotintug etectrontic cimpnljoetts
related 8pecificoall to the decontamnanution of tiftt'r sterilztiyon.lut 'Ill(, r,isulls idlitained from
spa4cecralft (3,. 4. 5, 7). ibvitus andi (omniunt - uainin~tItg -thuli-slick-'~ comonteiittt s tno lim he
z.is (3)f reciiommended, oi ope'rat ionald procudit ris with Iif so tivs of I'omp)1)1oln Is uol it i not from tiiIhi
ronsistingr of sterile omsembilly, built-ina tisinfpc- Mtel~antwtl Aircraoft Corporotiti I MA( I dor.

ifrr,..,-.fti If'. 11-h.~rr It'-- 10441-A. 51.

hr tirrn I, ~1I..,Itrr. I .ninnniin .. isirin ,1 i IIa-.,.. ~ i~e I.. ii,,,,vh i..*.ii*niii ir lr4 i.e



Ing~ their work oft J'riklt Surveyor nre s4ide, file issshsissr tha.'tingt he voutire, tiso-iisss
pvc-mentsis. MsAC' sfitmnitted thut foltiuvinis ill. Ilime, Swabbiligst for the Initerims isnitir'uePtit i
formaiton: "While theme~ esimlotents wore t he Iissitlair and stirrfswu of the t.41kA5 UACIed t'o
lust lnfesnstli toil tise Ili Surveyor. they fire madie sit viiilimA hintrvaisis the mwsis leivin
clsililsiortved typicalI Ofr usinutisiounts which mvutstdl Isissed ill n Ihisgyciyssllilto tIll-fil. Msteta St it'sl, t(15.
be incii~Ulue Ili Ohw etectimc sy,4)10 (5~L if Ct Ihat 111ibIg. kilvnim-11 si Oft io S IN.Ir l4iHlt', NY%.ot.

Vehicle. (tm ssnolltlt'sts Weort!;. "tell froin v'iri expiosd oulm'ig t he si oritilms Ismpitii soliarp. The
M19s, etswt 'isile tsust m tnim ued Il 14sdher po iji ri's lis it rlessl l igill platuses, ti11is41gly ci-Olists blst11 it mlusso
fit M'tAC. Moun' (if t he visiniiiiiints we~re tm- I silo lg the swilis. msoid the metal itt ilgis weiv,
cased.l while, itt hers bhd livvii Iis vuirluis alvef- inttiilut il lit '1115 C,. (so6 (II sla,'s
trsiniik'.iymtom tviuds. Noaup or thte viismpnwts
hadt Imon usisos ýsfr prontsmagedl irhitIii fis tinio. ij1isnassmbling proceidures
'There ball IRVIN lit) aitte~mpt tit st:itieriiz th(,$
ei-injmistimns either1 by MlAC itr by the vtirn. AA s tihitttd 4)111 1y %Vyinne, t5). slirfurironoe,i
pioawat nussinfafusttrur.'' Iin t he tomistrotilm mas ills u'ionip5i.4illnt isua the

vaiiiisiii I ylvs fir cteut tinis' cotiflsol ikUI reuireuot
Meh timeNor diiffe'rviii sdimimmerbi~ng. tlohuikso,

MEITHODS' ANDJ IROCEi)Dt(KS Mich emiumponnt Wits ilisioiptumirbluil with the
mic. sir hoine Ismimi mucah its pliutos4, tsitoitsm flor.

Steribiiseston of tesstingt chasimer andw contents till, mud lipilest, hacuk ssueaws. vlv,, mss thitt aill Ili.
101.1i11, mIi'lriit'e?5 sir t tifllu i'imitllui Weret eOpimoiit!4

Thes slimasots'rliiug and ci olturing pimiwelurires fe: et ro. um ing mhiri'hlse, mot hfias were't itvol.
elfI e eie'Iasadet'sluisiiti~ swore' porrssin-md ~ iaii Il. fle tlst'lmi'lWivi hsolsiw, by jafultdoiilllln illl l

si:Iu it uu'i'nufrioi, flexible, film lsIsstiIl' (rig.~ 1). Iifots fill if xes fciri Pilte hlf-istim-k *inson
Trho I11iatui'isi and ttiitmuipt f ir t he iittiliisii were f ilaCh mininisttu umill MPitinitiOi.izist ninilmfltils~ftS
stoavilbws wit h ( sysoxs'io lotil~lyOne soxdul - W0110 ieuls I lt is pitt sly.
1i paedul0~ (06 gin) Iml. VaInI) 11111 toisi'inle
hydihtitjuaiit. -.RP pvrrpost). The v.istis'e 4-iii' /," 11* 04i ,i m 't'hi, tyllois sir rui'tiilol's
t411 i~ts sir 4 2 1 .nnskiiv~e vilslit ryw 'i'3ii5lu wei'O -ere ev,,,,inlned noth~rt s',trtxn wimcwtsiml,

imsso11i'td sgsilshtly 111t1 hiragu, huikisis. Insidle, I ho ttiit l"rtrelll.&tlivisfKpoit oil 4,'nrimil. T1he 1%,L'ebsirs
Issseis, S ilio iif 110u w tilt' UI iiiit tilt' fit t'vautiuiiii wert esiiossily linuihei lots wit h the morsurtis and
5IJ4 11114in HA 11*1iiiioii-i A-i 11t in' i..tetu lint, is u 1s 6111 Icisisisalistor ~f blt' 1tOistitii

vs loon' sf ir lipprilMmt oly (1111 Mi ors, tll ho -i'e.'es
lpi violeiiit't i ol offi Is oirethytt'o so lisile' glis WIN$ 2. ,,j#j'1 frnsqh,r 't'hU fiatioWIng tIVi'e9 oir

220) nix. tiles, 'This visuigvase ltru bs Not hllytooc vapartot~rst wi're oexamined:t
tiisset wiss sufficluienlt iseluitli sty I hip inutinitii

nittlini i m/Iffisy risgi m 141tities'i whIchtt wi . iisli-t'tll ill)soo uijsiiss' oc sjssit~

$ tisisir AfteIr solifitatz~issli Ihe ilisiisfet'ikiii t Ihe suinotine utlosi thin loyers' for
111vt Wits odispisseesi lay rttustllliog ltme isstiscteeo wit is Imiliws fir inytis: solsd itleinfiossn roll reiuttud tight.
(iie'seli, sh-1.i' ill, Iii swpr''ight . To) tws'vvont his ly ttogether'. They diiffecred., hoiwever. In thi'
lusritim sot mommse'sir'm lo. i I, lie s'evos thast is lyV1t, lit' lisistr VOiY'iing which witst either nusisi-
te'sk ote'vs'tsise'st tiiii'itht hi' Is' lms.Aisi e preis- v'il pisivss Itir metidi iThe imoidus phitist It Iyllo
.4550 wltSq limliilt sits'ie (14tsisrominhsstl uI3 I Iii. ii w~ere fiiast vi-tishv'il with the nussirlr siail pestito
wilt'' sitni, by vsiali litisaissly toa111inido fti. tit o.xpusse the rmssnlst. Mttilo'tse ypecs
loweidi. MIerile stir lotis, the i-kistittsi requpiresd liltmp #s f otht' Inhotok maw aind vut inlg

pierios lis remoisvo the csontents. 'rhe roiliest Ily.
lb ie fire an od auril cau I t"M ii t's nii, t's slot r iVS~ for imim~. Ilr sir y liii Hold 4kis hium i foil wervt

W.Msts were' gw:'swnailm.1 o cIivi-e k t he stetrilit y off vaetitrl'il3 Aioiit~t s exifse~ fill jxooeilie stir-
thue lotus'iirs off Ihe 1sitslsith'. Nut rient 11g91r fistss whic'h might Wo runt irnminieted during
phl~Witis.wl 111):t4'~ reniitwed. wereo i'xisov.'sd ll~- farimiisttion,

21
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b. Ceramic flat dime antI Wynne (5). The entire disassembled von-
tents of each component were cultured In

This type of capacitor wits eastily thioillycollate broth In wide-mouth, sffew-
crushed and pulverixed with mortar and pestle. vapped bottleis .nd incubtwed itt :15 C. for II

days, Observationis fts- cloudliness. indivatinsg
C. Electrolytic possible bacterial growth, were made daily. A

Thee eectolyic apaitos wre similar intaOcticmponent was also 11laced In
miniature, metal-encased, tantalum capacitors the oglcoter brothit ofcheck steimp atonen wit
which were cut appen with the hack~ sow and (rtheoix sraeo tevmietwt
cutting pliers. The rolled tantalum capacitors Crovie Wheat only one camlsomnett wits
consisted of thin layers of paper Impregnated available for exitmination, the Intact compro.
with dielectric paste and thin ittripot of tan. font was Immersed In the broth itod shaken
talum metal rolled together and then separated thoroughly, It wall then removed with sterile
to expose all surface, The solid tantalum forceps andt disatssembledl. If the vomponent

capaitos wee cushe wih motarand %was tsoo largie to be Immersed In the broth bat.
cPesitorl eeceseihmott n ties, it moistened cotton swab wits streaked

pestle.over' the entire surface of the component and
d. Molded mica piateil in at tube of thioixlycollults broth. Both

the rinse-broth itnd the tubes containing the
These cosnsisited of several asheets swabsm were incbtevld~ its describedl iabove,

of mica molded In Bakelite, crusthed with mor-
tar and pestle, Brtht I ultuires, showing cloudinesis within

the fi-dity invubution periodl were checked
3. lMu*ie'. The diodes examined were microscopically fApr mic-roormanisams, l'ositive

miniatuve, glis~nwix-enia types broken up with culturess wore streaked to nutrient ogar platesx
this mortar and pptle. for aerobic growth tunri inoculated into thiogly.

4, Mretip~f lthro. Unerl-prptle, Mfite brot h f~worinnnrnift irrowh. At the- ri-d
4, AIver~rnr' ~beS Uniitipti'ptie, f the fi-dity Iein'ulwtlint period, all negative

giase-ecase tues ere sed Thse wre vultures (not eloody) were treiutet as followst.
prepared for culturing by breakingt them uip Fjt mi. if the lwttth were mixed thormughly
with the mortar and petale andi separatinw the atnd iarenoved with it sterile pipot, At the same
internal paurts with pliers antI forceps, timeo. I nil. of this bruth wits inox-oltotvl Into it

5, Relapp, hianshriners', land JHInrodiamef Itaita votinitnnng 4 nil, ofr t hlnlyoin-iute broth
fers, Since the*e were all metal encased, they it) d~in then mossibilo rthavlontasilineagen thept.515
were cut open with the hock isaw, iusually atl etltteoiia rthcnaontetlut
the top end which contained the connecting stimittut toml421?Nt101, One dtrop Will placed fill
poles or wire leads, to expose and resmowe the 11 seritor of )I nutrifent cigor pllto, 11114 the mi.
contents. Each screw, nut anti boll, or nea idtning brott Oi(plrelximttely 4ml.) witu
phlte. holding or binding other parit, wats re- tsloi'ld lin t seterile tue. Then the broth that
moved. Pluasti coverings, stuch ias tulle ilmluind wast placed in ftle sterile tudies wait Inalculatelt
wire coils or instulation around wire leads, were wtiith I'f th mropthion t~irt grow thea
removed and either seiparated or cut into small abiien ofga ( lhes andt It pinialyrt groth. Nrth
piece.%. Wire coils %yere cut with the huck sawu tubes aware pnibtte-ad at Ih .oglrni brothous
or jeweler's saw acrosst the wire windingA undt, Thbe oereignaul broh lttl15 c. ontinn thouris-
by careful leasing, aist nmany ats possible (if the Thse rgnilkul brthmbullies were aincubithedifo m.

wiresarac~ wer etl~otladdtluitina 2 wecks atl nxim temperatuire. 1l'osl-
Valturingx pr-ceume live cult tres- develoipitg itt the endi of the 2

weeks were treateol its deiCwritw~l aboive. Col.
The cult urinug priwedure wits essentiaully the t uF~t fOf ctintaiminated romixnuents were stored

same aft descuribted by P1hillips- and 1hoffmoan (4) in Ilhe refrigeratnir fits future identification,



REJISLT5 TABLE I

The rmults of the bacteriologic examina- IntePi-al eontamihation of efert rier
tion of the hermetically sealed. electronic componenfa
components are shown in table 1. Of a total Number Number
cot 166 components tented, 11 were contami. Typ. of eomponhnt examined p"itive
natod internally. This table shows that of Capacitors 101 9
101 capacitors examined, 9 were contaminated. Resistors 45 0
jhturthermore, I of 4 transformers and the Diodei 9 0
I magnetic modulator were contaminated. The Elevtronlc t1ub5 5 0
other types of electronic components tested Relays 2 0
yielded negative results, All but 2 of the con- Transformers 4 1
taminating milcroorganisms which were lao- Micrepoaitioner 1 0
Wated were spore-forming bacteria. In one Potantionmteru 1 0
instance, anaerobic streptococci were isolated Total 14 t!
from a molded mica capacitor, The magnetic -

modulator yielded a gram-negative organism,
Table 1I shows the results of the specific types
of capacitors tested. These results indicate
that paper and mylar capacitors are more like- itnutoml eontaminatfon of differont type'.
ly to be contaminated during fabrication than of eapeflore
any of the other type of capaeltors. Table III Number Number
shows the results of the examinations of the Capwitar eMamind psetive
components obtained from MAC.

Pyapr 21 ASDISCUSSION Mlr1
I l~iroliyUe 141

: Theeaulta obtaied in thi atudyeonflrn Ceumi flat din aK 0
1k. "40tenre of cmiamintsnU of the interior -,- -
of hermetially sealed ldetronle comommts TOW lot
as previously reported by Phillips and Hoff.
man and Wynne. Admittedly, the number of
electronic components examineed wa rmall, TABLE Ill
A sufficient number of components were 1NI0Iol 0omtaminatiol of tompoiat obtabood
examined, however, to serve as a basis for f•om McDonneUAircraft Crporte
developing procedures for the mroblole.
examination of e~ectonmic components after Number Nunmbet
Ssterilltatlon, TO of OUmp MI, examined PiwUn

• Capsaitarm
Studies on the rwevention of contamination Mpir 4 1

of extratemtrial bodiae with earth micro. Paper t
organism which may be trapped during fabri. Ceramic flat dim 6 0
cation on the Interior surfaces of harmetktally 19k@tvlytk 4 0
sealed eletronle components Involve several Molded carbon o 0
Important factors. First, the existence and Wirewound 1o 0
rate of contamination of the various types of Porcelain depoaited.earbe 1in O
components should be determined. A knowl Thode 0
edg of the composition and assembly of the Ilectronle tubes 0

Relays O0electronic componenta would be of value in the Tmfnroere 4
disassembling procedures in order to expose Magnetic modlators I
all interior surfaces for culturing purposes, Micropaeiloner O
Second. for thoa components that. are not sen- Potentiometers 0
sitive to heat or radiation, procedures for Total 70t



steriiz~ingI them compaitible with the opera.. Preliminary stiudies onl the effect& of heat
tional characteria les of the components should and radiation on electronic compoennts that
be developed. E~ither gterile amembly or have been deliberately contamiinated with
built-in dininfection technics would be required known concentrations of bacterial opores dur-
for components that are sensitive to heat and Ing fabrication will be conducted at the School
radiation. Finally, routine proveduren for ex- of Aerosapive Medivine for the purpose of
amininiz representative numberst of electronic developing provedun'es to aiterilite electronic
components after saterilization anti asasembly componentit, By thia procedure the time-
should be developed. Hepardlesit of the method tomporatUre eXIosures and tlw radiation do#.-
employed, there iot no definite assuraince that alto requirements for, the aterilixation of
all the components will be sterile. The exami. electronic componentmi can be determined. Thin
nation of representative numbers of the dif. study cannot be carried out effevtively if only
ferent types of electronic componentpi would natural contominfatiton IN used, because natural
at the nmoot give only at relative assturance that contamination occurs Infrequently und iot
components tire sterile when assembled or presumably of low level. Phillips and hloff-
treated In it similar maimer. Selection of the man (4) reported 21 of IM3 components con-
representative number of componentst to be laminnted; wlicrealt, in the titudien made In
examined would depend on 4ualitative and the Mlerobiololty-Cellulor Biology Branch at
quantitative studies of the extent of contanil. the lkchool of Aerosative Medicine, 11 of 166
nat Ion of electronmic components. component a were Contaminated.

it NPewlepmonst of intnaiuiintaln eprforish to awoid h. Wynnir ., K. Kt, irUiiatior oaf iiswri volhlrim;a The
'~otasntin m1 la~.1.aid Ial~.. M.rias. Jn,(Ofrm nr ninmuId uvrsit-MiPMI- 1. LgmitI$un

10111117.0ei110(19W In Acntswiatrt Modiritio. Urhuuot o( Aproopsirv
Mirtr*14w, 'AAP Acr~=p~v Medipiul (.ut1ar

~~~~~.~~~~ liek~w-~ .5, sni n . tu iPmaa.( lost, iIta, . MiActrit, T. i ti..,n l hitl

.1. Ilityls, It. W,, snoti M i, (.M Commnlfls, The ,olarr* titi oitlviiii Prrt'ti'ftonle ani ItuicMh
HiNAIM f MIVV VIVVIVA141PrO4111 OXM. iinfertvm'till AsonlYlioni Chit'aliirY anld Aji.

Isrm-PuIvOsI bflogfrNIVN I IAtIIIII III Tomth is11 N1141re11~my. i'tishw h, Ito., Ititil.Intornaitionis Amirnnus~tfr (oitlgwios. Jot1 lint-

(nlif.,Nowliky A~t. MisnirpIatwa. t~mvvirht' ttriivationtl Tnd

N8ua.. t11VItAuii, Von Moros, Calif.. 111411,
4, 11h~ihipp. I, H'. oanl It. K. hiu~ff"Wn. Hi-141,rli1a1tr

o.f ml storpinatwry Vehfrk',. 1Ariviw. 1112:111Il-1t1if, li. tv.Ii. 11 V Plervitinai nvnmmntsulIotn. MciOun-
* 1114101, na'hi Ahi't'nfl 1'ortiruatio.t, At, i.ovmim. We.,. 51161.
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